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OIL ADSORBENT |
This 1s a continuation of Ser. No. 363,389, filed May
24. 1973, now abandoned.

BACKGROUND OF THE INVENTION

This invention relates to a new o1l adsorbent capable
of effectively eliminating oils floating on the surface of
water or existing as droplets in water through adsorp- 1
tion. | | |

Petroleum refining plants and petrochemical plants
discharge .industrial effluents containing a variety of
waste oils. When such industrial effluents are thrown
away Into river and sea, a problem of environmental
pollution is caused by waste oils. Accordingly, perfect
elimination of oils is required for discharge of such
industrial effluents from the plants in the field of petro-
leum industry. |

In some cases, heavy oil is inadvertently discharged -
or leaked by mismanagement from tankers anchored 1n
harbors. Such heavy oil has also to be eliminated as it
damages seriously the harbor environment.

As the means for removing oils from water contami-
nated with the oils, there have been known, for exam- 25
ple, a method using an oil separator to separate the
contaminated water into an oily phase and an aqueous
phase, a method for biologically decomposing oils with
an active sludge, etc. As one of these known method,
there is a method wherein an oil-absorbing substance as 30
oil adsorbent is brought into contact with oil-con-
taminated water and then the oil adsorbent in which
oils have been absorbed is separated from water. The
method using an oil-absorbing substance as oil adsor-
bent has such a merit that it can remove not only oils 3
floating on the surface of water but also oils present in
water as droplets.

In this method, however, it is important what is utiliz-
able as oil adsorbent. The oil adsorbent has to possess
excellently high oil absorbability with a negligible water
absorbability to adsorb oils effectively from water. As
this material is used in a large amount, it also has to be
less expensive and easily disposable, for example, by
incineration treatment after the use for oil-adsorbing
treatment. Heretofore used as such oil adsorbent are
sawdust, straw-mat, unwoven cloth, polyurethane foam
and other porous inorganic substances. However, all of
these substances have low efficiency in catching oils
from water and so are not satisfactory for practical use. 5

BRIEF SUMMARY OF THE INVENTION

It is an object of this invention to provide materials
which have high oil adsorbability with negligible water
adsorbability and are easily disposable by incineration. 55

It is another object of this invention to provide an oil
adsorbent capable of effectively removing oils in water
by adsorption. |

It is still another object of this invention to provide an
oil adsorbent produced by foaming by a physical means 60
polyethylene containing 30-80% by weight of an inor-
ganic calcium compound and then shaping the foam to
have a network structure.

Other objects of this invention will become apparent
from the following description and the attached draw- 65
Ings.

FIG. 1 is a partial plane view showing one form of the
oil adsorbents of this invention.
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FIG. 2 is a partial plane view showing one example of
the oil adsorbents of this invention different in the form
from that of FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

The oil adsorbents of this invention can be produced
from a resin of polyethylene series and an Inorganic
calcium compound by converting the starting materials
according to a physical foaming means into a foamy
substance and shaping it to have a network structure.

Resins of polyethylene series used as one of the start-
ing materials of this invention include, in addition to
polyethylene itself, copolymers and blends of polyethy-
lene so far as they contain polyethylene predominantly.
Examples of such resins are high pressure method poly-
ethylene, ethylene/vinyl acetate copolymer and a bland
of moderate pressure method polyethylene and
ethylene/vinyl acetate copolymer. As the inorganic
calcium compound, there can be mentioned calcium
sulfite, calcium sulfate and calcium carbonate. These
compounds may be used alone or in mixture of two or
more. The inorganic calcium compound 1s used in the
foamy substance in an amount of 30-80% by weight.

In this invention, it is necessary to adopt a physical
foaming technique for producing a foamy substance
possessing good oil adsorbing activity. Although a
chamical bridging foaming technique using a foaming
agent and a bridging agent has generally been adopted
hitherto for manufacturing foamy materials containing
an inorganic filler, this technique is unable to obtain
foamy substances possessing the desired oil adsorbing
activity. This is probably due to the reason that bridg-
ing linkages are formed in the foamy resin obtamned
according to the chemical bridging foaming technique
to damage oil adsorbability seriously.

Below is a detailed description on the production of
the oil adsorbent of this invention. A resin of polyethy-
lene series is charged into a mixer such as intermixer or
Banbury mixer and heated at a temperature near the
softening point of the resin. Such softening point varies
according to the sort of resin but'is generally within the
range of 90°-105°C. An inorganic calcium compound
1s then added to the softened resin and the mixture is
homogeneously mixed whereby the temperature of the
mixture is gradually elevated by frictional heat of the
mixture. The mixing operation 1s finished when the
temperature of the mixture has reached 130°-170°C.

The resultant milled mixture is then cooled, solidified
and crushed to a solid granular material which is then
charged into a conventional foam shaping extruder
where the material is heated to a melt. A liquidized gas
1s introduced into the melt under pressure and then the
melt 1s extruded to form a foamy substance.

According to this invention, the resulting foamy sub-
stance is shaped into a network product for furnishing
it with good o1l adsorbability. For this, there are meth-
ods using a sheet of the foamy substance, such as a
method wherein a sheet of the foamy substance is
notched and then stretched, and a method wherein a
sheet of the foamy substance i1s punched to form a

- network pattern. According to a foam extruding
method, however, the product in the form of a rope

(rod) is obtained, which can easily be processed to a
net. Thus, the use of said foam shaping extruder is
especially recommended.

The foamy substance in the form of a rope 1s shaped
into a net by knitting or weaving or by adhesion.
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The network product shown in FIG. 1 1s one pro-
duced by knitting while that shown in FIG. 2 is one
produced by adhesion.

In FIGS. 1 and 2, 1 and 2 are the foamy substances 1n
the form of a rope crossed with each other. The diame- >
ter of the ropes is not specifically limited but is usually
-5 mm. 3 is a crossover and 4 is an interstice 1n the
network structure. The crossover 3 is not bonded by
adhesion in FIG. 1, whereas the same is bonded by
fusion or adhesion in FIG. 2. 10

When the network product thus shaped is used as oil
adsorbent, oils are not only adsorbed to the product but
also kept in the interstices 4. The size of the interstices
4 is usually maintained to 1-2 mm in both longitudinal
and transverse directions thereby keeping oils effi- 13
ciently in the interstices. However, the interstices 4 are
not absolutely necessary and the foamy substances in
the form of rope 1 and 2 may be intimately contacted
with each other to form the product in the form of a
strawmat. Accordingly, the network products of this 20
invention involve, in addition to the network product
itself, such strawmat product where the ropes 1 and 2
are intimately contacted with each other crosswise.

As the oil adsorbent of this invention uses as constitu-
ent a physically foamed substance of a resin of polyeth- 25
ylene series containing an especially selected inorganic
calcium compound, the oil adsorbent exhibits excellent
oil-capturing effect and efficiently collects oils floating
on the surface of water and present in water as drop-
lets.

The oil adsorbent of this invention is effectively ap-
plicable to the purifying treatment of industrial efflu-
ents containing various oils or sea water contaminated
with heavy oil. On removal of oils from water contami-
nated with the oils by using the oil adsorbent of this 33
invention, the oil adsorbent is piled up to form a muiti-
layer structure through which oil-contaminated water
is passed, or alternatively the oil adsorbent is floated on
the surface of oil-contaminated water or dipped Into
the water and then taken up therefrom.

The oil adsorbent of this invention has advantages in
the waste treatment: the oil adsorbent is easily combus-
tible and can be incinerated with poor generation of
smoke without evolution of any toxic gas, after the use
for oil-capturing treatment.

This invention will be illustrated in more detail by

way of an example.
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EXAMPLE

A given amount of polyethylene pellets (manufac-
tured by the high pressure method; specific gravity:
0.923: melt index: 5.0) was charged into an intermixer
provided with a pair of rolls (Model K-1, Hitachi Taura
K. K.; capacity: 5 liters) where the pellets were heated
externally at about 95°C until they were softened. In 33
this case, the rotating rate of the rolls in the intermixer
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was kept at 40 rpm. A given amount of an inorganic
calcium compound was then added to the heated poly-
ethylene and milling of the mixture was continued
whereby the temperature of the mixture being milled
was gradually elevated with the lapse of time. When the
temperature of the milled mixture reached about
150°C, the milling operation was stopped and the re-
sulting milled mixture was taken out from the inter-
mixer, cooled until the mixture was solidified and then
crushed to form a granular material.

The granular material was then fed to a 50 mm ¢
extruder where the material was heated at three stages.
A liquidized gas was introduced nto the heating zone
at the second stage and the content was extruded as a
foamy substance in the form of a rope having a diame-
ter of 2 mm.

The foaming conditions in this were as follows:

Heating temperature

The first heating zone : 130°-150°C

The second heating zone: 150°-190°C

The third heating zone : 100°-120°C

Feed rate of the granutar material: 10 kg/hour

Liquidized gas: Liquidized butane

Pressure supplied by the liquidized gas: 25-30 kg/cm?

Next, the resulting foamy substance in the form of a
rope was shaped into a network structure shown in
FIG. 2 by fusion. In this case, the interval between the
parallelly arranged ropes was 1 mm and the thickness
of the crossover was 3 mm.

The resulting network product was tested to deter-
mine its performance as oil adsorbent. The results of
the test is shown in the following table with relation to
the constituents.

The test to determine oil adsorbing activity was car-
ried out in the following manner and evaluation of the
oil adsorbing activity was obtained by calculating the
amount of oils (g/cm?®) adsorbed to a unit volume of the
test piece.

Testing Method:
On the surface of 280 ml of sea water were floated 20

ml of an oil (Heavy Qil B, produced by Idemitsu Kosan
K. K.). A test piece having a structure and a size as
shown in the following table was floated on the oil-con-
taminated sea water for 10 minutes, drawn from the sea
water, hung perpendicularly for 30 seconds to allow
excess amounts of the oil and sea water to drop. The
weight of the test piece and the loss of sea water were
then measured and the amounts of the oil adsorbed and
the sea water adsorbed per test piece were calculated
according to the equations given below.
Amount of oil adsorbed (g)

= [Weight of test piece after test ( g)]

— [Weight of test piece before test (g)

+ Amount of sea water adsorbed (g)]

Amount of sea water adscrbed (g)
= Loss in amount of sea water after test (g)

Qil adsorbent Test piece . Results of test
Amount
of water Amount
Exp. Density Size absorbed Oil  absorbed
No. Constituents (g/cm?) (mm) (g) (g) (glem?)
l Pe*5/CaSQ, (90/10%%) 0.065 Network 100 X 100 X 3 1.0 4.10 0.137
2 & (80/20) 0.150 o H ' 4.50 0.0150
3 ' (70/30) 0.075 ! ' ' 4.72 0.157
4 ! (60/40) (.080 ' ' ' 4.76 0.159
5 ' (50/50) 0.085 Strawmat** H " 470 0.157
6 ' {40/60) 0.090 Network H ' 480 0.160
7 PE/CaSQ, (60/40) 0.083 o ! " 4.75 .0.158
8 ' (40/60) (3.092 ' M M 478 0.159
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-continued
_ Oil adsorbent Test picce Results of test
Amount
of water Amount
Exp. Density Size absorbed  Oil  absorbed
No. Constituents (g/cm?) (mm) (g) (g) (g/lcm?)
9 PE/CaSO, (60/40) 0.084 ' s ' 4.75 0.158
10 ! (40/60) 0.093 ' ' A 4.79 0.160
1%} Polypropylenc 0.100 Bandle 100 X 100 X 9.6 2.0 .26 0.013
}2*! Strawmat — Strawmat 100 X 100 X 9.0 18.0 3.24 - (0.036
13%!} Polyethylenc foam 0.037 Plate 100 X 100 X 20 2.0 1.02  0.0051
14%F Soft polyurethan 0.021 ! 100 X 100 X 20 " 3.79 0.019
1 5*! Chemically 0.150 ' ' ' 0.48 0.00024
crosslinked foam*?3
Remarks:

*'Comparative Examplc
*2Weight ratio

*IPolycthylene containing 60% by weight of CaSQ; is shaped under foaming condition by using a foaming agent and a bridging agent.

**rFoumy substances in the form of rope is knitted to form a strawnct.
**PE stands for polycthylene

From the results shown 1n the table, i1t 1s noted that
the network products of this invention shaped by a
physical foaming means are all excellent in o1l captur-
Ing activity.

What is claimed is:

1. A material for absorbing o1l from oil-contaminated
water comprising an openwork assembly of elongated
strands in Intimate contact, said strands having a diam-
eter of about 1-5 mm and being formed of a flexible
foam comprising a physically foamed mixture consist-
ing essentially of about 20-70% of a non-crosslinked
polyethylene resin and distributed uniformly through
said resin about 80-30% of morganic calcium com-
pound particles, said percentages being by weight.
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2. The oil-absorbent material of claim 1 wherein said
strand assembly s a substantially reticulated network.
3. The oil-absorbent material of claim 2 wherein the

size of the mesh In said network 1s about 1-2 mm.

4. The oil-absorbent material of claim 1 wherein said
calcium compound is at least one of calcium sulfite,
calcium sulfate or calcium carbonate.

5. The oil-absorbent material of claim 1 wherein said
foam has a density below about 0.10 g/cc.

6. A method of removing oil from oil-contaminated
water comprising the step of contacting said water with

the absorbent material of claim 1.
- - S * ke *
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